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Abstract

Background: Local anesthetics for spinal anesthesia in one-single injection are known to induce more severe hypotension than a
fractionated dose in healthy obstetric patients. Hypotension in obstetric patients with pregnancy-induced hypertension, including
preeclampsia, during spinal anesthesia, could compromise fetal well-being.
Objectives: This study aimed to compare the mean arterial pressure (MAP), the total dose of ephedrine required, and level of sensory
blockade between the fractionated-dose and single-dose spinal anesthesia injection in obstetric patients with pregnancy-induced
hypertension who underwent a cesarean section.
Methods: This single-blind randomized clinical trial was conducted from January to April 2018 after being approved by the Re-
search Ethics Committee of Universitas Indonesia (No. 1174/UN2.F1/ETIK/2017) and recorded at ClinicalTrials.gov (NCT03693638). Af-
ter obtaining informed consent, 42 parturients with hypertension in pregnancy (gestational hypertension or preeclampsia), ASA
II-III, aged 18 - 40 years, and BMI of 18.5 - 35 kg/m2 with singleton pregnancy, who were planned for spinal anesthesia for emergency
or semi-emergency cesarean section with hyperbaric bupivacaine 0.5% (MarcaineTM, Hospira) and fentanyl, were included in this
study. All subjects were randomly divided into two groups including fractionated-dose (FD) and single-dose (SD).
Results: There was no significant difference between the two groups in MAP in the first 15 minutes after anesthesia (P > 0.05) and
median total dose of ephedrine required (10 (0 - 25) mg in the FD group vs. 15 (0 - 30) mg in the SD group, P = 0.30). However, in the
FD group, MAP tended to be higher in the first three minutes compared to the SD group. The level of sensory blockade was mostly
at T4, which was not significantly different between the groups (52.4% in FD vs. 42.9% in SD, P = 0.59).
Conclusions: In obstetric patients with pregnancy-induced hypertension who underwent a cesarean section, the mean arterial
pressure after spinal anesthesia was not significantly different between the fractionated dose of spinal anesthesia injection and
single-dose injection. Total ephedrine required and levels of sensory blockade were not significantly different between the groups.
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1. Background

Hypotension during spinal anesthesia, due to sympa-
thetic block, is one of the most common complications of
spinal anesthesia, with an incidence varying from 69 to
90% (1-3). Sudden drop in blood pressure can affect the
mother and fetal well-being, especially in patients with
preeclampsia (4, 5).

In spinal anesthesia, severe preeclampsia patients have
six times lower risk of hypotension (16.6%) and less to-
tal ephedrine use compared to normal obstetric patients.
However, slightest drop in blood pressure still affects

uteroplacental blood flow and causes hypoxia and acidosis
in the fetus (6). Moreover, hemodynamics of patients with
preeclampsia are harder to predict due to unpredictable
intravascular volume status and severity of disease (7).

One of the feasible ways to prevent hypotension effects
caused by spinal anesthesia in patients with hypertension
is modifying the regimen or technique of administering
hyperbaric local anesthetics intrathecally (2, 6, 8). Divid-
ing the dose of local anesthetic drugs injected into spinal
subarachnoid space in certain time intervals can result in
more stable hemodynamics and longer analgesia duration
compared to a single dose (8).
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2. Objectives

The aim of this study was to compare MAP changes,
the total dose of ephedrine required, and level of sen-
sory blockade between fractionated-dose and single-dose
spinal anesthesia injection in obstetric patients with
pregnancy-induced hypertension who underwent a ce-
sarean section.

3. Methods

This was a single-blind randomized controlled trial
conducted in the Tangerang District General Hospital
from January to April 2018. We obtained approval from
the Research Ethics Committee of Universitas Indonesia
(No. 1174/UN2.F1/ETIK/2017), recorded at ClinicalTrials.gov
(NCT03693638). After informed consent was obtained, we
included 42 parturients with hypertension in pregnancy
(gestational hypertension or preeclampsia), ASA II-III, aged
18 - 40 years, and BMI of 18.5 - 35 kg/m2 with a singleton
pregnancy, who were planned to undergo spinal anesthe-
sia for emergency or semi-emergency cesarean section. All
subjects received spinal anesthesia with 2.5 mL of 10 mg
hyperbaric bupivacaine 0.5% (MarcaineTM, Hospira, USA)
and fentanyl 25 mcg. Patients with chronic hypertension,
eclampsia, pulmonary edema, cerebrovascular diseases,
type-2 diabetes mellitus and gestational diabetes, placen-
tal abruption/previa/accreta, umbilical cord prolapse, ges-
tational age of < 34 weeks, estimated fetal weight of ≤
2,300 grams and ≥ 4,000 grams, polyhydramnios, and fe-
tal distress were excluded from the study. Subjects were
randomly divided into two groups including the fraction-
ated dose (FD) group that received initially 1.5 mL of total
dose followed by 1 mL remaining dose after a 90 s interval,
and the single-dose (SD) group that received the total dose
of bupivacaine 0.5% and fentanyl in one injection.

After IV cannulas (18 - 20 G) were properly placed, pre-
medication with intravenous (IV) ranitidine 50 mg and
metoclopramide 10 mg was given. Additional IV access was
used if MgSO4 would be continuously administered intra-
venously during surgery. Standard monitor devices were
placed after patients being transferred to the operating
room. Additional premedication such as intravenous mi-
dazolam 0.02 mg/BW or fentanyl 1 mcg/BW was given if the
patients were anxious or in pain. The baseline hemody-
namic measurement was done two minutes after premed-
ication.

Spinal anesthesia was performed while the patients
were in the sitting position at L3-4 or L4-5 level with a me-
dian or paramedian approach, with a total dose of 2.5 mL
of 10 mg hyperbaric bupivacaine 0.5% and fentanyl 25 mcg.
After skin wheal of lidocaine was placed at the intended
spinous interspace, a spinal needle (SpinocanR, B Braun,

Germany, 27 G) was inserted and advanced until subarach-
noid space reached. In the FD group, 1.5 mL of the total dose
was given, followed by 1 mL remaining dose after a 90 s in-
terval. In the SD group, the 2.5 mL total dose was given at
0.2 mL/second, and subjects were asked to remain sitting
for 90 seconds. If there were more than three injection
attempts, the patients were excluded from the study. Co-
loading 5 - 10 mL/kg ringer lactate was given in 20 minutes
for all subjects.

Patients were positioned in the supine position to give
oxygen 3 L/min. ECG, heart rate, MAP, and oxygen satura-
tion were measured every three minutes and the total dose
of ephedrine and duration of surgery were recorded, as
well. Hypotension was defined as a drop in blood pressure
more than 20% of the baseline value that was treated with
ephedrine 5 - 10 mg intravenously, which could be repeated
if necessary. The sensory block was confirmed using the
pinprick test, and motoric block with the Bromage scale.
Sensory block levels were recorded every two minutes un-
til the maximum block height reached. Patients were given
oxytocin drip and/or intravenous methylergonovine after
babies were born. APGAR scores were recorded in the 1st
and 5th minutes.

Data analysis was performed using Statistical Package
for the Social Sciences (SPSS) version 20 for Windows. The
data were analyzed using the general linear model (GLM),
chi-square/Fisher, and Mann-Whitney U tests.

4. Results

There were 42 subjects recruited in this study with 21
subjects in each group, as shown in Figure 1.

The characteristics of the subjects are shown in Table 1.
There was no significant difference between the two

groups in sensory block level (P < 0.05) (Table 2). GLM
multivariate test showed that there was a significant differ-
ence in MAP for each measurement time (P < 0.05) (Table
3). There was no significant difference in MAP between the
two groups at each measurement time (P > 0.05).

Figure 2 shows the MAP trend in the two groups at all
measurement times. MAP in the first three minutes tended
to be higher in the FD group than in the SD group although
it was not statistically different.

There was no significant difference in the total
ephedrine required between the two groups (P > 0.05)
(Table 4). There were 16 subjects (76.2%) in the FD group
and 20 subjects (95.2%) in the SD group who suffered from
hypotension, treated with ephedrine.

5. Discussion

This study aimed to compare the MAP, the total dose of
ephedrine required, and level of sensory blockade between
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Assessed for Eligibility (n = 42)  

Randomized (n = 42)  

Excluded (n = 0)  

Allocated to Fractionated Dose (FD) (n = 21)  Allocated to Single Dose (SD) (n = 21)  

Analysed (n = 21)  Analysed (n=21)  

Drop-out (n = 0)  Drop-out (n = 0)  

Figure 1. Study flow according to the consolidated standards of reporting trials (CONSORT) diagram

Table 1. Characteristics of Subjectsa

Data FD Group (N = 21) SD Group (N = 21)

Age, y 30.4 ± 6.7 28.4 ± 6.9

Height, cm 155 (150 - 160) 155 (150 - 165)

IMT, kg/m2 28.9 ± 4.2 27.3 ± 3.6

Incision duration, min 7.8 ± 2.2 8.9 ± 1.9

Delivery duration, min 14.6 ± 3.4 15.1 ± 3.1

Surgery duration, min 63 (44 - 93) 63 (42 - 110)

Gestational age, wk 38 (34 - 40) 37 (34 - 41)

Birth weight, g 2.600 (2.300 - 4.000) 2.600 (2.300 - 3.700)

APGAR score 1st minute 7 (4 - 8) 7 (5 - 8)

APGAR score 5th minute 8 (7 - 9) 8 (7 - 9)

Hypertension comorbidity

Gestational hypertension 5 (23.8) 4 (19)

Preeclampsia 1 (4.8) 1 (4.8)

Severe preeclampsia 15 (71.4) 16 (76.2)

Hypertension/preeclampsia treatment

Nifedipine 5 (23.8) 4 (19)

MgSO4 and nifedipine 16 (76.2) 17 (81)

Spinal injection site

L3-L4 13 (61.9) 9 (42.9)

L4-L5 8 (38.1) 12 (57.1)

Amount of co-loading fluid, mL 400 (300 - 600) 450 (300 - 850)

Baseline MAP, mmHg 107.5 ± 12 108.4 ± 13.7

a Values are expressed as mean ± SD or No. (%). If the distribution is not normal, data are presented in median (minimum - maximum).

the fractionated-dose and single-dose spinal anesthesia in-
jection in obstetric patients with pregnancy-induced hy-
pertension who underwent a cesarean section. The results
of the study showed that the two groups had similar base-
line blood pressure. The APGAR score in the 1st and 5th
minutes was also similar between the two groups, showing

that both techniques gave good outcomes to the baby. The
majority of the patients were severe preeclampsia patients
(71.4% in the FD group and 76.2% in the SD group, Table 1).

After spinal anesthesia injection, the MAP was not
statistically different between the groups (Table 3). In
preeclampsia, there are excessive vasoconstriction and in-
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Table 2. Sensory and Motor Block Resultsa

Block Characteristics FD Group (N = 21) SD Group (N = 21) Pb

Sensory block

0.59

Onset, min 3 (1 - 7) 3 (2 - 5)

Level block peak, min 5 (3 - 10) 6 (3 - 9)

Block level

T4 11 (52.4) 9 (42.9)

T5 2 (9.5) 5 (23.8)

T6 8 (38.1) 7 (33.3)

Motor block

Onset, min 3 (1 - 10) 3 (2 - 7)

a Values are expressed as median (minimum - maximum) or No. (%).
b Fisher test.

Table 3. General Linear Model (GLM) Test for Difference in MAP at Each Measurement
Time Between the Two Groups

MAP FD Group (N = 21) SD Group (N = 21) P

Baseline 107.5 ± 12.0 108.4 ± 13.7 0.82

0th minute 102.7 ± 17.0 96.7 ± 15.5 0.24

3rd minute 87.0 ± 16.4 80.9 ± 16.5 0.24

6th minute 81.3 ± 17.4 83.8 ± 16.3 0.64

9th minute 79.2 ± 16.5 80.7 ± 16.0 0.76

12th minute 82.4 ± 18.2 80.0 ± 15.1 0.65

15th minute 80.3 ± 16.9 80.3 ± 14.6 1.0
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Figure 2. Mean arterial pressure (MAP) trend

creased vascular resistance due to the excessive inflamma-
tory response to pregnancy. The activation of granulocytes,
the increased release of inflammatory cytokines such as
tumor necrosis factor-α, abnormal activation of the clot-
ting system, and complement system play important roles
in this regard (6, 9). In both group, more than two-thirds

Table 4. Total Dose of Ephedrinea

Ephedrine Dose FD Group (N = 21) SD Group (N = 21) P

Total dose, mg 10 (0 - 25) 15 (0 - 30) 0.30b

a Values are expressed as median (minimum - maximum).
b Mann-Whitney test.

of subjects suffered from severe preeclampsia. Despite the
sympathetic block due to spinal anesthesia, because of se-
vere vasoconstriction, these subjects could still maintain
their vascular tone that caused only a limited decrease in
MAP. Post-spinal hypotension in severe preeclampsia sub-
jects is not severe enough, so the divided dose of local
anesthetics injection had a limited effect here. The di-
vided dose of local anesthesia injection might be benefi-
cial in patients with a high risk of hypotension or severe hy-
potension post-spinal anesthesia. Hemodynamic changes
are also affected by other factors, which were difficult to
control in our study, such as the duration and severity of
pre-eclampsia, intravascular fluid volume or antihyperten-
sive drugs, and concurrent unidentified medical problems
such as chronic hypertension and peripartum cardiomy-
opathy.

Although MAP was not significantly different between
the groups in this research, there might be a change in
other hemodynamic parameters. MAP is not the only
modality to measure hemodynamic changes. Hemody-
namic changes could be measured with cardiac output,
systemic vascular resistance, or organ perfusion changes.
MAP is part of afterload that affects stroke volume and
cardiac output. There are also other factors contributing
to cardiac output such as preload, contractility, and heart
rate. In untreated patients with severe pre-eclampsia, the
hemodynamic findings are characterized by high systemic
vascular resistance (SVR), low left and right ventricular fill-
ing pressures, low to normal cardiac index (CI), and hyper-
dynamic left ventricular function. In those treated with IV
fluids and/or antihypertensive, these findings could have
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normal to high SVR, elevated CI, and normal to high pul-
monary capillary wedge pressure (PCWP) (10, 11). Although
the APGAR score was not different between the groups,
which might mark a good uteroplacental perfusion post-
spinal injection, further research on hemodynamic modal-
ity changes in the divided dose of the local anesthesia
group could be beneficial in certain obstetric populations.

Total ephedrine dose given was not significantly dif-
ferent between the two groups. The increased sensitivity
of vasopressors in preeclampsia patients might play a role
here so that only was small doses of ephedrine needed to
restore patient’s MAP (12). However, only were 16 subjects
(76.2%) in the FD group given ephedrine, compared to 20
subjects (95.2%) in the SD group.

The onset of the sensory and motoric blockade in two
groups was similar (median FD group: 3 min (1 - 7), SD
group: 3 min (2 - 5)). This might be due to the high to-
tal dose of hyperbaric bupivacaine 0.5% used in this study
compared to other studies (8, 13). Higher doses of hyper-
baric bupivacaine would distribute intrathecal anesthesia
and could make distribution more widespread, irrespec-
tive of the methods of spinal local anesthetics injection (14,
15).

5.1. Conclusions
In obstetric patients with pregnancy-induced hyper-

tension who underwent cesarean section, mean arterial
pressure after spinal anesthesia was not significantly dif-
ferent between the fractionated dose of spinal anesthe-
sia injection and single-dose injection. Total ephedrine
required and levels of sensory blockade were not signifi-
cantly different between the groups.
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